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THE EFFECT OF ULTRAVIOLET IRRADIATION ON MELANOGENESIS*
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The most commonly observed hyperpigmen-
tation is that caused by exposure to ultraviolet
irradiation. The melanin pigment response is
said to be of three types; melanin darkening,
melanin migration and melanin formation (1).
Melanin darkening appears within a few minutes
after exposure to irradiations of relatively long
wave length (3,000—4,200 A) with a maximally
effective action spectrum of 3,400 A. This re-
sponse is said to be oxygen-dependent as it is
abo.ished if the skin is blanched by pressure
applied with a quartz plate. Melanin migration
is said to occur several days after exposure to an
ultraviolet source and consists of an upward
migration of melanin granules in the epidermis
(Keller (2)). Melanin formation, according to the
reflectance studies of Edwards and Duntley (3)
begins after two days and reaches a maximum
after nineteen days, and ceases after one month.
The skin does not return to its initial melanin
content until nine and a half months later.
The above account is referred to in various
reviews (4, 5, 6), but very little experimental
work has been carried out on the effect of ultra-
violet light on the morphology of the melanocytes
and their density. The present paper is based on
the results obtained from a carefully controlled
histochemical experiment which was designed to
study the effect of an ultraviolet source on the
melanocytes and melanin in the skin of the
anterior abdominal wall of the guinea-pig.
MATERIALS AND METHODS
Twelve mature male guinea-pigs (6 pure black
and 6 pure red) weighing between 345 and 740
gms. were used. The anterior abdominal wall
skin of each animal was shaved and a control
biopsy specimen of skin was removed from just
below the costal margin. When the biopsy wounds
were healed the skin of the anterior abdominal
wall was exposed to an ultraviolet source once
daily for five days a week for four weeks. The
procedure was as follows: Groups of three ani-
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mals were placed on their backs on the operating
table and firmly secured. The eyes of each animal
were covered with a protective shield. The ultra-
violet source was placed in position three feet
above the animals. A treatment of five minutes'
duration was given each day. After two weeks
the animals were reshaved. The ultraviolet source
consisted of a mercury vapor lamp having a
wavelength range which extended between 2,300
A units to the infra red.
On completion of the treatment the animals
were killed and a second skin specimen was
removed from the irradiated area. All the skin
specimens were then processed and treated with
the Dopa reagent as described previously (7).
The greater part of each skin sheet was mounted
in Depex, the remainder was embedded in
paraffin and vertical sections 6 thick were cut.
The skin sheets were examined with the epi-
dermal surface uppermost. The effect of the
ultraviolet irradiation on the melanocytes was
studied by comparing the specimens removed
before and after treatment. The appearances of
the melanocytes were studied by assessing the
number and size of the melanocytes and the
amount, color and position of the melanin within
the cells. The length, width and complexity of
the dendritic processes were also noted and an
attempt was made to assess the amount and
color of the free melanin present, i.e., that
melanin which is situated outside the melano-
cytes. The melanocytes were counted in ten
areas chosen at random each measuring 0.07 sq.
mm. The counts were carried out using a graticule
fitted in the eye piece of a microscope and a
magnification of X 353 was used.
Kodacolor photographs of skin color were
taken of the red animals before and after the
ultraviolet treatment under standardized con-
ditions i.e., fixed magnification and light intensity.
Color balance was checked by the use of a chart
having a grey scale and color patches introduced
at each photographic session.
RESULTS
The melanocytes of guinea-pig skin are found
in two sites, the hair follicles and the basal layer
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FIG. 1. Photomierographs of skin sheets of anterior abdominal wall of red mature male guinea-pig(No. 1104). (a) Before treatment (b) After one month's treatment with ultraviolet irradiation. Shows a
great increase in the number, and size of the melanoeytes and in the amount of melanin present. Treated
with Dopa reagent. No eounterstain. X 155
FIG. 2. High power photomierographs of skin sheets of anterior abdominal wall of black mature male
guinea-pig (No. 1112). (a) Before treatment. Shows a number of melanoeytes containing only a small
amount of melanin surrounded by a moderate amount of free melanin. (b) After one month's treatment
with ultraviolet irradiation. Shows a great increase in the number of melanoeytes present and in the
amount of melanin contained within them. Treated with Dopa reagent. No eounterstain. >< 1130.
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Fm. 3. Photomicrographs of vertical sections of anterior abdominal wall skin of black mature male
guinea-pig (No. 1105). (a) Before treatment, (b) After one month's treatment with ultraviolet irrada-
tion. Shows a great increase in the amount of melanin present in all the layers of the epidermis especially
the basal layers. Note the increase in the thickness of the epidermis. Treated with Dopa reagent. No
eounterstain. X 675.
of the epidermis. In the present work the study
has been confined to the melanocytes and
melanin of the epidermis. The appearances of the
melanocytes and melanin in the skin of the
normal guinea-pig at different ages in the two
sexes have been reported previously (5, 9, 10).
The experimental proof that in a normal un-
treated guinea-pig the melanocyte counts and
general appearances of the melanoeytes and
melanin in two skin specimens removed from the
anterior abdominal wall in the same animal are
for practical purposes identical, is fully described
elsewhere (11).
Illacrosco pie Observations
The skin became slightly erythematous after
the second treatment, but this had subsided by
the fourth day. Towards the end of the first week
of treatment a definite increase in the pigmen-
tation of the anterior abdominal wall and areola
occurred in the red animals. As the treatment
proceeded the pigmentation progressively in-
creased and the areolae became larger.
Microsco pie Observations
The detailed results are recorded in Table I.
It is seen that ultraviolet irradiation greatly
stimulates melanogenesis as shown by the in-
crease in the amount of melanin present within
the cell bodies of the melanocytes, the increase
in cell body size, the longer, wider, and more
complex dendritic processes which contain more
melanin, and above all, a very great increase in
the amount of free melanin (Figs. 1 and 2). It
was interesting to see that only in animal No.
1102 was the depth of color of the melanin in-
creased. The melanocytes of animal No. 1106
behaved differently from the remainder in that
the size of the cells and the amount of intra-
cellular melanin was reduced, although the
amount of free melanin was considerably in-
creased. The vertical sections showed a great
increase in the amount of melanin throughout the
different layers of the epidermis, but in particular
the basal layer (Fig. 3). The epidermis also
showed thickening of the stratum corneum in a
number of the sections. The melanoeyte counts
a
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TABLE II
Showing the effect of ultraviolet irradiation on the
melanocyte counts in the skin of the anterior
abdominal wall of the male guinea-pig
No. of
Animal
Color of
Animal
Number of Melanocytes per mm2
.Weight Control
.
1105
1106
1107
1111
1112
1113
1102
1103
1104
1108
1109
1110
Black
Black
Black
Black
Black
Black
Red
Red
Red
Red
Red
Red
740
560
500
415
415
345
620
660
540
500
480
520
904
726
795
575
644
699
151
329
219
192
466
192
(1694)*
1534
1370
1027
1370
(1489)f
822
1425
1233
1192
1096
1123
Experimental Mean — Control Mean = 790.25.
Analysis of Variance
Between animals
Between speci-
mens
Residual
s.s.
1240003
3746970
206221
ms.
112728
3746970
22913
S.f.
11
1
9
F. 1
163.5
Total 5193195 21
Conclusion: Significant positive effect of
treatment, p < 0.1%.
* Melanocytes too numerous to count ac-
curately.
t Animal died during experiment.
Allowing for missing observations by 'Least
squares'.
for the control and experimental skin specimens
are shown in Table II. It is seen that a very
great increase in the total number of melanocytes
occurred in all the specimens.
DISCUSSION
It is now generally accepted that ultraviolet
irradiation increases the output of melanin by
the melanocytes. Fitzpatrick and Szabo (5) have
described how the melanocytes in the human
subject show a marked increase in tyrosinase
activity following ultraviolet irradiation. The
results of the present experiment in the guinea-pig
show that the melanocytes become filled with
melanin granules which fill up the dendritie
processes; in addition the cell bodies of the
melanoeytes increase in size. The enormous in-
crease in the amount of free melanin produced
would appear to be due to two factors. The
melanocytes increased their output of melanin,
and the thickened epidermis, which was noted
following the ultraviolet treatment in a number
of the animals, resulted in a delay in the loss of
the melanin from the free surface.
The usual teleological explanation for the de-
velopment of melanin pigmentation in response
to ultraviolet exposure is that the newly formed
melanin acts as a screen and protects against
further effects of ultraviolet light. Blum (1) (12)
on the other hand, has maintained that following
ultraviolet exposure, it is the thickening of the
stratum corneum which is the protective factor,
rather than the increase of melanin. It is probable
that both these factors play a protective role and
the thickening of the stratum corneum allows the
free melanin to be retained for a longer period
than normal.
It was interesting to see the considerable in-
crease in the pigmentation in the skin of the
areolne, which was greater than that of the
surrounding non-sexual skin. In the red animals
it was also noted that the skin of the linea alba
and mons pubis showed a relatively high pig-
mentary increase. These results are very similar
to those following estrogen therapy (13, 14),
when it was found that the melanocytes in the
areolar skin are stimulated to a very much
greater extent than those in non-sexual skin. It
would therefore appear that the melanocytes in
these zones are more sensitive to melanogcnie
stimulants than those present elsewhere. The
number of melanocytes was found to be con-
siderably increased as the result of ultraviolet
irradiation; in some of the specimens the melano-
cyte counts were over five times as great as
those found in the control skin areas. This in-
crease in the melanocyte numbers might have
been apparent rather than real and could have
been explained on the basis that the epidermal
ridges had become steeper and closer together
since this would have the effect of increasing the
number of melanocytes per unit area of the skin
surface. However, a close examination of the
vertical sections showed no appreciable change
in the epidermal ridges as a result of the treat-
ment. One can only conclude therefore that a
real increase in the melanocyte numbers had
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taken place. Mitotic division of the melanocytes
was not, however, observed; it is possible that
amelanotic dopa-negative melanoeytes are nor-
mally present in the basal layer of the epidermis
in the guinea-pig, and these were stimulated into
pigment forming activity by the ultraviolet ir-
radiation.
The mechanism responsible for the change in
melanogenic activity brought about by ultra-
violet irradiation is not known. A possibility
which should be considered is that a chemical
substance is liberated from the damaged super-
ficial epidermal cells in response to ultraviolet
irradiation which is capable of influencing melano-
genesis. In this connection it is interesting to
note that mechanical and chemical irritation to
the epidermis stimulates melanogenesis (Snell 15,
16).
SUMMARY
1. The effect of ultraviolet irradiation on the
melanocytes and melanin in the skin of the an-
terior abdominal wall was studied in six pure
black and six pure red male guinea-pigs. The
mclanocytcs were identified by using the dopa
reaction.
2. The ultraviolet source consisted of a mercury
vapor lamp emitting light rays of wavelengths
between 2,300 A units up to the infra red range.
The source was situated three feet above the skin
and a daily treatment of five minutes duration
was given for five days a week for four weeks.
3. Melanogenesis was greatly stimulated as
shown by the increase in the amount of melanin
present in the melanocytes, the increase in the
size of the melanocytes, the longer, wider more
complex dendritic processes and the great increase
in the amount of free melanin. The population
density of the melanocytes rose considerably as a
result of the treatment.
REFERENCES
1. BLUM, H. F.: The physiological effects of
sunlight in man. Physiol. Rev., 25: 483—530,
1945.
2. Keller, P.: Ueber die Wirkung des ultra-
violetten Lichtes auf die Haut unter be-
sonderer Berucksichtigung der Dosierung.
III. Histologie der Lichtentzundung. Strah-
lentherapie, Berl. u. Wien, 16: 537—553,
1924.
3. Enwuws, E. A. AND DUNTLNY, S. Q.: An
analysis of skin pigment changes after
exposure to sunlight. Science, 90: 235—237,
1939.
4. Bi!cxan, S. W.: Historical background of
research on pigmentary disease of the skin.
J. Invest. Derm., 32: 185—196, 1959.
5. FITZPATRICK, T. B. AND SZABó, G.: The
melanocyte cytology and cytochemistry.
J. Invest. Derm., 32: 197—209, 1959.
6. Lomrccz, A. L.: Pigmentation. In: Rothman,
S. Physiology and Biochemistry of the
Skin, pp. 515—563. Chicago, Univ. Chicago
Press, 1954.
7. SNELL, R. S.: Further observations on the
effect of progesterone on the activity of
melanocytes in the skin. Z. Zellforsch. 57:
818—826, 1962.
8. BILLINGIIAM, R. E. AND MEnAwAR, P. B.:
A study of the branched cells of the mam-
malian epidermis with special reference to
the fate of their division products. Phil.
Trans., B., 237: 151—171, 1953.
9. Bcscnrrz, P. G., AND SNELL, R. S.: A study of
the melanocytes and melanin in the skin
of the male guinea-pig. J. Anat. Lond. 93:
233—245, 1959.
10. SNELL, R. S. AND BjscmTz, P. G.: A study of
the melanocytes and melanin in the skin of
the immature, mature and pregnant female
guinea-pig. Z. Zellforsch., 51: 225—242, 1960.
11. SNELL, R. S. AND BlscmTz, P. G.: A study of
the effect of orchidectomy on the melano-
cytes and melanin in the skin of the guinea-
pig. Z. Zellforsch., 50: 825—834, 1959.
12. BLUR, H. F.: Sunburn. In llollaender, A.
(ed) Radiation Biology II. Ultra violet and
related radiations. New York, McGraw
Hill. 1955.
13. BIscuITz, P. G. AND SNELL, R. S.: A study of
the effect of ovariectomy, oestrogen and
progesterone on the melanocytes and
melanin in the skin of the female guinea-
pig. J. Endocr., 20: 312—319, 1960.
14. SNELL, R. S. AND Biscurrz, P. G.: The effect
of large doses of estrogen and estrogen and
progesterone on melanin pigmentation. J.
Invest. Derm. 35: 73—82, 1960.
15. SNELL, R. S.: A study of the effect of chronic
irritation on melanogencsis in the skin.
Brit. J. Exp. Path. 43: 581—586, 1962.
16. SNELL, R. S.: A study of the effect of acid and
alkali on melanogenesis in the skin. Z.
Zellforsch., 57: 376—384, 1962.
